Objective: The aim of this examination was to study whether psychological resource variables (optimism and self-efficacy) decrease when cancer is present and to test the predictive power of these variables for anxiety, depression and quality of life (QoL). Methods: The patient sample was comprised of 354 German women suffering from breast cancer or gynecological cancer. Participants filled in the resource assessment tools Life Orientation TestRevised and the General Self-Efficacy Scale as well as the Hospital Anxiety and Depression Scale, the Patient Health Questionnaire-4 and the QoL instrument EORTC QLQ-C30 at two time points: (t1) during patients' hospital stay and (t2) 3 months later. Results: The mean scores for optimism (total score: M = 16.2) and self-efficacy (M = 29.8) were even somewhat higher than the corresponding means of the general population. Optimism and self-efficacy were positively correlated with QoL (r between 0.15 and 0.17, P < 0.01) and negatively associated with anxiety and depression (r between −0.17 and −0.36, P < 0.01). However, only optimism was predictive of the t2 anxiety, depression and QoL scores when statistically taking into account the baseline levels of the outcome variables. Conclusions: Having cancer does not generally reduce optimism and self-efficacy on the level of patients' mean scores. Cancer patients with a high level of habitual optimism will adapt to their disease better than pessimistic patients, even if the baseline levels of the outcome variables have been accounted for.
Introduction
The detrimental effects of cancer diseases on quality of life (QoL) and mental health have long been reported. However, over time, many cancer patients adapt to their illness and report positive mental health states, while other patients have greater difficulties coping with the disease. With the intention of supporting patients in these adaptation processes, several studies have been performed to identify psychological resources that predict better outcomes. One of these resources is habitual or dispositional optimism, a personality trait that describes the degree to which a person generally expects positive outcomes (1, 2) . Dispositional optimism is associated with QoL (3, 4) , positive mood and well-being (5), coping (6) , physical exercise (7, 8) , and low levels of fatigue (9) , anxiety (10) and depression (11) in patients suffering from cancer. Cross-sectional correlations between optimism and outcome variables such as QoL or mental distress indicate the magnitude of the association, but they do not explain the pathways through which optimism or pessimism operates. For that purpose, a study design with at least two time points (t1 and t2) is necessary to estimate the effect of optimism at t1 on the outcome at t2. A study with cancer patients (12) found significant correlations between optimism (at t1) and anxiety and depression (at t2) of r = −0.39 and r = −0.41, respectively. However, a more precise evaluation of the impact of optimism on health outcomes should also take into account the baseline value (t1) of the health outcome variable, information that makes it possible to assess the additional or independent impact of optimism. So far, studies that have used this statistical approach have had contradictory results. Several studies have found an independent effect of optimism on mental health and QoL (13) (14) (15) (16) (17) , while others have not (18) (19) (20) (21) . There are also studies with mixed results. Two studies (12, 22) found a significant impact of optimism on anxiety but not on depression in cancer patients. Another study with breast cancer patients (3) proved a significant effect on emotional functioning but not on general QoL. A study with a 5-year temporal distance between the measurements detected an independent influence of optimism on depression in the age range 65-74 years but not in the age range 75-84 years (23) .
Possible reasons for these mixed results are differences between samples of patients (sometimes with low sample sizes, n < 100), instruments for assessing mental health and QoL, temporal distances between the t1 and t2 measurements, and statistical techniques (no baseline control, path analyses, hierarchical regression analyses and partial correlations). Of the statistical methods available, partial correlations seem to be most appropriate since they express the association between optimism at t1 and the outcome variable at t2, while at the same time controlling for the outcome variable at t1, with a single coefficient. A study of female cancer patients (17) used this technique to examine the influence of optimism on anxiety, depression and QoL. While the correlations between optimism at t1 and the outcome variables were between 0.19 and 0.44, the partial correlations considering the baseline scores were lower (between 0.18 and 0.31). However, two of the coefficients were also statistically significant, indicating a significant independent contribution of optimism.
Optimism is not the only personal resources variable that can be assessed. Others are self-efficacy (24), self-esteem (25) and sense of coherence (26) . Self-efficacy is defined as the belief that one can produce desired outcomes as a result of his/her own actions using skills and capabilities (27) . Self-efficacy is effective in predicting health-related behavior in cancer patients (28) . Similar to habitual optimism, self-efficacy is associated with QoL (29, 30) and can be considered a buffer between stressful events such as a cancer disease and poor health outcomes. However, these studies did not use a longitudinal design. In our study, we tested whether self-efficacy also serves as a resource variable for predicting developments in QoL and mental health in cancer patients.
Resource variables such as optimism and self-efficacy are assumed to be personality traits that are only marginally dependent on situational effects. However, it has rarely been tested whether such resource variables indeed remain unchanged when a person is faced with a cancer diagnosis. Several studies of patient groups report resource variables mean scores, e.g. (23, 31) , but they generally do not compare these values with normative scores obtained from the general population. Therefore, it is also important to test the temporal stability and to compare patients' resource variables mean scores with those of the general population. In our study, we focus on patients with breast cancer or gynecologic cancer since we did not want to restrict the sample to one special type of cancer, but nevertheless we intended to omit a too heterogeneous sample. The aims of this study were -to examine to what degree specific resource variables remain unchanged in cancer patients, and -to test whether these resource variables have an impact on QoL, anxiety and depression, accounting for the initial values.
Methods

Cancer patients
Patients with gynecological or breast cancer were consecutively recruited for this study in the gynecological clinics of three German hospitals. The patients were eligible for this study if they were at least 18 years old, had histologically proven carcinoma and were able to understand German well enough to complete the questionnaires. There were no eligibility criteria concerning time since diagnosis. In total, 466 patients were asked to take part. Trained interviewers explained the aims of the study to the patients and asked them to give informed consent. The Ethics Committee of the Leipzig University approved the examination. In most cases, the first test (t1) was performed 1 or 2 days before hospital discharge. A second questionnaire was sent to the participants by mail 3 months after hospital discharge (t2). The study was conducted between October 2013 and January 2016.
General population
The reference data were taken from two previous German normative studies that included 2372 persons (Life Orientation TestRevised, LOT-R) (32) and 2019 persons (General Self-Efficacy Scale, GSES) (33) randomly selected from the German general population. These publications also present reference scores for women, broken down by age decades. To compare the patients' mean scores with those of the general population, we used the cancer patients' age categories distribution (as presented in Table 1 ) as weighting factors to calculate the weighted mean scores of the female general population profiled in the papers that reported normative values.
Instruments
The participants filled in the following questionnaires at t1 and t2.
Life Orientation Test-Revised
Habitual optimism was tested with the LOT-R (34). It consists of two subscales, optimism and pessimism, with three items each, along with four filler items. Originally, the test was designed as a unidimensional instrument. Though confirmatory factorial analyses found better fit indices for a two-factorial model (optimism and pessimism) (32, 35) , we also consider the original unidimensional sum score (composed of the optimism and the inverted pessimism subscale). Each item is to be answered on a five-point Likert scale, ranging from 0 (strongly disagree) to 4 (strongly agree). This results in scale ranges from 0 to 12 for the subscales. Normative values from the general population are available (32).
General Self-Efficacy Scale
The GSES (36) comprises 10 items with four answer options, coded from 1 to 4, resulting in a scale range from 10 to 40. Normative values for the GSES are available (33) .
EORTC QLQ-C30
The QoL questionnaire EORTC QLQ-C30 (37) was specifically designed for cancer patients. It consists of 30 items that belong to five functioning scales, three symptom scales, six single symptoms and a 2-item general health/QoL scale. A summary score of the EORTC QLQ-C30 can be calculated according to (38) , averaging across all functioning scores and symptom scores except financial difficulties and the global health/QoL subscale. This sum score and the 2-item global health/QoL score are used as QoL outcome measures. There are no established cutoffs for the global health/QoL scale and the sum score. Half a standard deviation (SD) is often used to indicate clinical relevance (39) . To dichotomize the values, we subtracted half a SD from the mean to arrive at appropriate cutoffs for bad QoL, based on normative data from the general population (40).
Hospital Anxiety and Depression Scale
The Hospital Anxiety and Depression Scale (HADS) (41) is a 14-item questionnaire for screening clinically significant anxiety and depression in patients with somatic illnesses. Both subscales consist of seven items each, coded with scores from 0 to 3. The scale range is 0-21, and the cut-off is 7 vs. 8 for both subscales.
Patient Health Questionnaire-4
The Patient Health Questionnaire-4 (PHQ-4) measures mental distress (42) and is a combination of the ultra-short Generalized Anxiety Disorder questionnaire and the ultra-short depression questionnaire (PHQ-2). Each of the four items has a range from 0 to 3, resulting in a total score between 0 and 6 for each subscale. The cutoffs are 3 vs. 4 for both subscales (42) . We used two questionnaires for assessing anxiety and depression (HADS and PHQ-4) in this study to estimate the consistency of the findings of the relationship between resource variables and mental health outcome variables.
Statistical methods
Mean score differences between the general population and the cancer patients were tested with t-tests and expressed in terms of effect sizes d according to Cohen (43) . The raw association between the resource variables and the outcome variables were expressed in terms of Pearson correlations. To dichotomize the patients' sample based on degrees of optimism and self-efficacy, we used the median scores of the distributions as the cut-off criteria. The influence of the resource variables (optimism and self-efficacy) on the outcome variables (anxiety, depression and QoL) was measured with partial correlations. These coefficients express the influence of the resource variable (at t1) on the dependent variable (at t2) in addition to the initial score of the dependent variable (at t1) (17) . Temporal stability was examined using intra-class correlations. All statistics were calculated with SPSS version 20.
Results
Of the 466 patients eligible for inclusion in the study, 356 agreed to take part and to fill in the questionnaire at t1 (76.4 %). Two women had to be excluded because of too many missing values. Of the remaining 354 women, 299 returned the t2 questionnaire with complete data (81.4% of the 354 women). To compare their scores with the general population scores, we used the larger sample of participants from the t1 examination; the remaining analyses were restricted to the 299 participants with data from both t1 and t2. Table 1 shows characteristics of the study sample. There were no significant differences between the participants and the nonparticipants in terms of age and tumor stage, but the distribution of tumor sites was significantly different (Chi 2 = 27.9, P < 0.01).
Mean scores of the resource variables Table 2 lists resource scales mean scores for the general population and for the cancer patients. The patients reported having significantly more optimism, less pessimism and more self-efficacy than the general population. The effect sizes of these differences were between 0.30 and 0.40. The mean scores changed only slightly between t1 and t2. LOT-R optimism was the only scale with a statistically significant mean score difference between t1 and t2 ( Table 2) .
Mean scores of anxiety, depression and QoL at t2, depending on the resource scores at t1
The cross-lagged associations between the (dichotomized) resource variables at t1 and the dependent variables at t2 are given in Table 3 . All mental health and QoL scales (at t2) were significantly associated with the LOT-R total score (at t1), and with one exception (EORTC QLQ-C30 sum score), general self-efficacy also predicted the dependent variables. When we compared the optimism with the pessimism subscales of the LOT-R, optimism was more strongly associated with seven of the eight dependent variables than pessimism was. The weakest relationships between the resource variables and the dependent variables were observed for the EORTC QLQ-C30 sum score (Table 3) . Table 4 lists correlations between the resource variables at t1 and (i) the dependent variables at t2 (upper part) as well as (ii) the dependent variables at t2 controlled for their base levels (lower part of Table 4 ). When the baseline scores of the dependent variables were not taken into account (upper part of Table 4 ), most correlations were statistically significant with magnitudes between 0.16 and 0.36 for the LOT-R total score and between 0.15 and 0.30 for selfefficacy. The partial correlations (lower part of Table 4 ) are lower than these raw correlations; nevertheless, several of them remain statistically significant. With one exception (HADS anxiety), the LOT-R total score predicts the dependent variables to a statistically significant degree, with partial correlations between 0.13 and 0.20. The GSES, however, provided no additional variance explanation; all partial correlations of the GSES are insignificant. Table 5 presents the relationship between the resource variables (at t1) and the dichotomized dependent variables (at t2) in terms of odds ratios.
Predictive value of optimism and self-efficacy
Temporal stability
The test-retest correlations between t1 and t2 for the resource variables were as follows: r = 0.50 (LOT-R optimism), r = 0.55 (LOT-R pessimism), r = 0.60 (LOT-R total) and r = 0.65 (GSES). Test-retest correlations between the outcome variables were as follows: r = 0.61 (HADS total), r = 0.42 (PHQ-4 total), r = 0.29 (EORTC QLQ-C30 Global health/QoL) and r = 0.45 (EORTC QLQ-C30 Sum).
Discussion
The first aim of this study was to test whether a cancer diagnosis leads to reductions in habitual optimism and self-efficacy. The comparison between the patients' mean scores and those of the general population shows that there is no such decrease. The cancer patients' mean scores were even somewhat higher than the normative scores. This is in line with other studies. LOT-R mean scores in breast cancer samples were between 16.3 and 16.9 in four studies (11, 16, 17, 31) , which is even higher than the mean score of this study (M = 16.2) and also higher than the mean score of the general population. In a sample of 50 oral cavity cancer patients from Hong Kong (15), the mean score of the LOT-R was lower (M = 14.2), but it is difficult to assess the impact of the cancer type or the cultural context. Self-efficacy was also relatively high (M = 29.9) in a sample of patients suffering from neuroendocrine tumors (44), a score nearly identical with the patients' t1 mean score in our study. Though a cancer diagnosis and treatment often evokes anxiety, the general expectation that things will develop in a positive way (optimism) as well as the belief that one is able to contribute to the development of things in a positive direction (self-efficacy) are not affected in terms of the mean scores. However, individual differences are possible. While there are patients who show reduced optimism, there are other patients for whom the disease stimulates increases in optimism and self-efficacy. The coefficients of the temporal stability of optimism (LOT-total: r tt = 0.60) and self-efficacy (r tt = 0.65) were not as high as personality traits should be. Stability coefficients LOT-R, life Orientation Test-Revised; GSES, General Self-Efficacy Scale; M, mean; SD, standard deviation; d, effect size. Table 3 . Relationship between resource variables at t1 and anxiety, depression and QoL at t2
LOT-optimism t1 LOT-pessimism t1 LOT-total t1 GSES t1 obtained in other studies were even smaller, with coefficients between r tt = 0.39 and r tt = 0.50 for the LOT-R subscales (23, 45) and a coefficient of r tt = 0.60 for general self-efficacy (46) . Though optimism and self-efficacy are designed as personality traits, the fluctuations are as great as those observed for mental and physical health variables. That means that interventions might be effective in changing or improving these variables. However, interventional studies are necessary to prove this hypothesis. The second aim of this examination was to test whether optimism and self-efficacy contribute to the prediction of anxiety, depression and QoL. As was to be expected, there were substantial correlations between the resource variables and these outcome variables. The crucial question was whether optimism and self-efficacy provide a supplementary contribution to the variance explanation in addition to the baseline values of these variables. As in previous studies, there were positive partial correlations between the LOT-R scores and the outcome variables, though the partial correlations of this examination were somewhat lower than those reported in a previous study (12) . The partial correlations of the LOT-R total score were higher than those of the two subscales for most of the dependent variables (Table 4) . This is an argument for the combination of the two subscales, optimism and pessimism, though confirmatory factorial analyses generally find that the model fits are best when two subscales are considered separately (35, 47) . A further result is that the partial correlations are roughly similar for the outcome variables. Concerning the HADS, the correlation with depression was higher than that of anxiety, while the order was reversed for the PHQ-4.
The partial correlations between optimism and the 2-item scale General health/QoL of the EORTC QLQ-C30 (r = 0.13) were nearly as high as those with the EORTC QLQ-C30 sum score (r = 0.14). The similarity of these two correlation coefficients is not at all self-evident because of differences in the degree of generality: while the focus of the 2-item scale is on a generalized health assessment, the sum score is an aggregation of specific symptoms (48) . Comparisons between the optimism and the pessimism subscales revealed no dominance of any one subscale. This contrasts with the results obtained in a previous study (17) whereby the pessimism scores were markedly higher than the optimism coefficients.
In contrast to optimism, the contribution of self-efficacy was negligible in predicting the t2 scores of anxiety, depression and QoL 3 months later. All eight partial correlations between GSES and the dependent variables failed to reach the significance criterion (Table 4) . Because the reliability of the GSES was high (alpha = 0.91 in this study), a lack of reliability cannot be the reason for the low coefficients. Future research should aim to systematically compare several resource concepts (optimism, self-efficacy, self-esteem, sense of coherence) concerning their predictive value.
Some limitations of this study should be mentioned. We do not know whether the results are generalizable across other types of cancer. The study is restricted to patients who were able to take part in examinations both at t1 and t2. It is possible that patients with a bad prognosis at t1 were less likely to take part in the t2 examination and that they are, therefore, excluded from the analysis here. It is also possible that the selection yielded a sample of people with relatively high levels of optimism and self-efficacy; we have no information on the optimism of the non-responders. However, the normative values taken as references are also based only on those people who were willing to take part in these normative studies. This might have contributed to a similar bias. Though we demonstrated the predictive value of optimism, there are several possible pathways through which the associations with mental health and QoL can work. Social support (11) , stress appraisal (9) or fighting spirit (3) has been identified as mediators for this relationship. In our study, however, we cannot know which of these pathways mediated the relationship between optimism and the outcome variables.
Taking the results together, a cancer diagnosis does not generally decrease the mean level of optimism and self-efficacy. Optimism but not self-efficacy predicts the development of mental health and QoL in cancer patients. Patients with a low degree of optimism are at greater risk of experiencing mental distress, worse QoL and a greater need for psychosocial support. The LOT-R is effective in detecting such at-risk patients. Using this short screening instrument in clinical practice may help healthcare providers identify these patients and offer them more in-depth mental health diagnostics and further psychosocial help. Strengthening an optimistic attitude may be an effective tool for supporting patients in adapting to their disease.
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